In this paper, an extended small-grid lattice gas model is built up for pedestrian counter flow. A previous experimental work is used to compare with the extended model A simulation results to select the key parameters. The result shows that when the step in unit time is chosen as 1/2*cnt or 1/4*cnt and drift point is selected between 0.5 and 0.7, the model A simulation will have good agreement with the experimental study. Then model B with the same rule and the suitable key parameters is used to study pedestrian counter flow. It is found that the step in unit time and drift point have no effect on the general trend of a dynamical jamming transition from the freely moving state at low density to the stopped state at high density, but have influence on the value of critical density.
Introduction
Simulation models for pedestrian flow are mathematical descriptions of the characteristics of pedestrian behavior in the real world. However, to build up a universal model is nearly impossible.
Lattice gas model is one of the main simulation models. It has been widely applied to research pedestrian flows under emergency and non-emergency situations [1] [2] [3] [4] [5] [6] [7] [8] [9] . In lattice-gas model the influence between person and person, person and surrounding is seldom considered. However, comparing with continuous models, the model owns easier rules and higher efficiency. To extend the discrete single-grid into small-grid and take influence from built environments into account may bring some developments, which needs further studying.
Kirchner et al. [10] studied the evacuation scenario by implementing a finer discretization where a pedestrian occupies 2×2 grids. Song et al. [11] developed a multi-grid model to investigate the influence of interactions on evacuation time and the mutual restriction relation between interactions and self-driven action. Weng et al. [12] investigated pedestrian dynamics on an evacuation scenario by fixing the walk velocity or timescale, utilizing the characteristics of the multi-grid model that a pedestrian can move one or several small grids at a time step. Zhang et al. [13] improved the multi-grid model and adopted a new update procedure to study the effects of pre-movement time on evacuation, in their experiment, evacuation behaviors such as variable velocity, dislocable queuing, continuous pedestrian flow and monopolizing exit are observed. Xu et al. [14] focused on the effect of finer discretization on pedestrian dynamics and obtained the relationship between evacuation time and grid density in the multi-grid model.
In this paper the extended small-grid lattice gas model is built up to simulate counter flow, which is a kind of very common pedestrian phenomenon in our life. The previous experimental data is compared with the simulation result, to select the key parameters.
Previous experimental work
Isobe et al. [7] carried out the experiments for the pedestrian counter flow within a channel, shown as Fig. 1 . The exact width of the channel is W=2 m and its length L=12 m. The typical space occupied by a pedestrian in a dense crowd is about 0.4 m*0.4 m. A black circle represents a right walker and the white circle denotes a left walker. Fig. 1 . Schematic illustration of the experimental setup (excerpted from the study of Isobe et al. [7] ) .
The pedestrian counter flow process is then recorded by the two video cameras. In this experiment, the number of the right walkers equals that of the left walkers, and also the walkers are asked to walk at normal speed. The experiment is carried out until maximum number 70 of walkers. When the number of walkers is higher than 70, the walkers do not move forward.
The model
In traditional lattice gas model [1] , the size of the smallest cell is as large as a pedestrian and pedestrians can only move entire cell in every next time step. Fig. 2 shows all the possible configurations of the walker. The space is compartmentalized by lattice, and every circle represents a person, an arrow indicates the possible direction in the next step, and the fork sign denotes the unavailable direction, which implies there has been another person or wall in that direction. According to all the possible configurations of the walker in the Fig. 2 , we can define the probabilities in different conditions as below, "D" represents "Drift Point". This kind of rough grid model has been widely applied in the study of pedestrian dynamics for its simple motion rule and high computational efficiency. However, there are several intrinsic limitations. In the small-grid model, the occupied cell of a pedestrian is divided into n*n small grids. So it is possible to choose every value less than n as the distance of every step and the speed of pedestrians equals the distance of every step divided by time step. Shown as Fig. 3 , the left is the typical configurations of a traditional lattice gas model and the right is small-grid model. We can see that in original single-grid model the initial position of pedestrians can only align in order, however, in extended model, they can be out of align, apparently the latter is much closer to the actual condition. In the extended model filing [4] is also taken into account, as shown in Fig. 4 the front region is also divided into three regions: left, right and centre, the sites on the boundary between the left (right) and central regions overlap. For single-grid model, each region includes M*N sites, however for small-grid model each region includes M*N*cnt sites (each walker occupancies cnt*cnt small grids). A walker wants to move into the region in which there are more walkers with the same direction than other regions, he tends to follow the front walkers with the same direction. This kind of tendency is represented by drift point D follow . Considering human habitual thinking, the value of D follow is treated as a constant. If the maximum value of n central , n left and n right is n central (a): If the maximum value of n central , n left and n right is n left (a): Here, D m indicates the value of the new drift point, D m = D+D follow . During the process of walking, normally pedestrians will observe the other walkers direction and then follow, however it is only a rough evaluation not a precise numerical calculation, and considering the habitual thinking in the human behaviors, D follow is chosen as a constant. When n central >= n left (n right ), the regulation of pedestrians walking is consistent with the original lattice-gas model referred above. And when D m >1, the value of D m is equal to 1. Similarly, the probabilities for the condition that maximum value is n right , could be obtained.
For the different initial conditions, the improved small-grid counter flow model has two kinds, which have the same walking rules. As shown in Fig. 5(a) , it is model A at time t=0, there are a constant number of walkers in the channel and each right (left) walker is standing at a random place within the left (right) half of the channel, and then these walkers in the two sides will move at the same time. Schematic illustration of model B for pedestrian counter flow within a channel is shown in Fig. 5(b) , at time t=0, there are no walkers in the channel, and the walkers standing with a certain density on the two boundary start to move toward the other side. 
Model A simulation compared with experiment

Visual results
In Fig. 6 , the patterns obtained from model A at t=0, 5, 10 and 20s is shown. Two kinds of filings appear, one is the filing of right walkers and the other is the filing of left walkers, and when meeting they infiltrate each other and avoid colliding with the other. Comparing the patterns with the experimental results in Fig. 6 , it is found that these simulation visual results have a good agreement with the experiment data. 
Analysis of the step in unit time
The plot of the mean arrival time against density is shown in Fig. 7(a) . The arrival time is defined as the time that a walker arrives at the boundary. The mean value is obtained by averaging over all the walkers and 100 simulations.
From Fig. 7(a) we can see that, when the density of pedestrians in the channel is less than 0.15, the values of arrival time obtained by model A with 1/2*cnt, 1/4*cnt and 1/8*cnt step in unit time all agree with the experimental data very well. Then, when the density is more than 0.15, the simulation result by small-grid model with 1/2*cnt time step is consistent with experimental data well, while arrival time obtained by the model with 1/4*cnt and 1/8*cnt time step is less than the experimental data, and the values are close to each other when the density is not more than 0.267. When density is more than 0.4, for the model with 1/2*cnt time step the walkers will conflict violently and the arrival time tends to be much more than the experimental results, while the simulation results by the small-grid model with 1/4*cnt time step agree with the experimental data well.
It indicates that when there are few walkers initially in the channel, small-grid model with different step in unit time could all simulate the pedestrian counter flow well. The probabilities of choosing direction have not been affected by the step. However with the increase of density, the crowd forming will be more frequent, and to arrive at the destination each pedestrian will have to adjust his directions, if the time step is smaller that means he has larger scale to reduce his speed in some direction. So the larger the step, the more often the walkers will collide with each other.
Then the relationship between the mean velocity and density is tested. The mean velocity of walkers is defined as the number of the forward moving walkers divided by the total of walkers. The result is obtained by averaging over 100 simulations. In Fig. 7(b) the plot of the mean velocity against density is shown.
It can be demonstrated in Fig. 7(b) that, when the density of pedestrians in the channel is less than 0.15, the numerical results by the small-grid model with 1/2*cnt, 1/4*cnt and 1/8*cnt step in unit time all show a good agreement with the experimental data. Then, when the density is more than 0.15, the mean velocity obtained by the model with 1/2*cnt step is consistent with experimental data, while results obtained by the model with 1/4*cnt and 1/8*cnt step become larger than the experimental data and close to each other when the density is not more than 0.267. When density is more than 0.4, for the model with 1/2*cnt step the conflict will be more and more frequent, so the mean velocity tends to be much less than before, and the deviation become apparent, while the simulation results by the model with 1/4*cnt step agree with the experimental data well. The reason is similar with that for Fig. 7(a) .
As discussed above, the simulation results by the extended model with 1/2*cnt step in unit time have a good approximation to the experimental data for the density less than 0.35, and when the density tends to 0.5 the deviation will be obvious, and use the model with 1/4*cnt step to simulate will show better agreement with experimental study. 
Drift point sensitive study
In lattice gas model, drift point "D" is a very important parameter. On the assumption that the each step in unit time is selected as 1/4*cnt, the front watching region M=3*cnt and N=10*cnt, other parameters are the same as above. The dependence of the mean arrival time on the drift points is studied.
As shown in Fig. 8 , it is the mean arrival time at different density for different value of D, and the value of D f is the constant 0.05. The main trend that arrival time increases with density is nearly the same for different value of D, and arrival time increases apparently with the increase of drift point "D". That is because the larger the value of D, the larger the probability of choosing to go ahead and more frequent the formation of lane patterns. When the value of D is chosen from 0.5 to 0.7, the results agree with the experimental data better. ) reported by Isobe et al. [7] . Fig. 9 . The velocity against total density by model B at D=0.6, Df =0.05, step=1/2*cnt, W=20*cnt, L=100*cnt.
Model B simulation compared with experiment
General laws
The velocity at different density are shown in Fig. 9 , the general laws of pedestrian counter flow is found that: when total density is less than the critical density Pc, with the increase of total density, velocity decreases , and when total density is larger than critical density P c , velocity suddenly become 0. Here P c is 0.35.
The phenomenon, a dynamical jamming transition from the freely moving state at low density to the stopped state at high density occurring at the critical density, should attract awareness.
Analysis of the step in unit time
On the assumption that the length of channels is chosen as the value of 100*cnt, the width is 20*cnt, c is 0.5, D is 0.6 and D f is 0.05, the different step in unit time is studied. The velocities against total density for different step in unit time are shown in Fig. 10 .
From Fig. 10 it can be found that the general trend of velocity decreases with density has nearly no change at different step in unit time. However with the increase of the step in unit time, the critical point decreases apparently, from 0.45 to 0.32. The reason could be explained that, with the density increasing, there will be less space among the walkers, with the smaller step in unit time, and a walker will have more chance to adjust his direction to avoid conflicting with each other. 
Drift point sensitive study
The velocities against total density for different value of D are shown in Fig. 11 . It could be found that different values of D have little influence on the general trend of velocity decreases with density. However with the increase of the value of D, the critical point increases apparently, from 0.3 to 0.45.
Summary
In this paper, the traditional lattice gas model is extended to the small-grid model for pedestrian counter flow. A previous experimental work is also introduced here. The experimental data is compared with the extended model A simulation results to choose the key parameters. The result demonstrates that when the step in unit time is chosen as 1/2*cnt or 1/4*cnt and drift point is selected between 0.5 and 0.7, the extended model simulation will have good agreement with the experimental study.
Then numerical work is done to study the jamming transition in pedestrian counter flow by model B, which has the same method of probability calculating and different initial condition. It is found that the step in unit time and drift point almost have no effect on the general trend of a dynamical jamming transition from the freely moving state at low density to the stopped state at high density, which occurs at the critical density. And with the decrease of the step in unit time and increase of the drift point, the critical density will increase apparently.
